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Description
BACKGROUND:
Technical Field

[0001] Thisdisclosure relates to medical instruments and more particularly to a metric, system and method for indicating
the quality of a multi-beat echocardiographic measurement.

Description of the Related Art

[0002] In echocardiography, trade-offs are made between field-of-view (FOV), spatial resolution, and temporal reso-
lution. Typically, if more of one parameter is needed, the other parameters suffer. For example, if a larger FOV is required,
the spatial resolution (and image quality) and temporal resolution are likely to be reduced. This trade-off may be circum-
vented in echocardiography, especially for 3D volume acquisitions, by using electrocardiograph (ECG)-gated multi-beat
acquisitions. These acquisitions exploit the periodicity of cardiac motion to construct large FOV images that have both
higher spatial and temporal resolution than could otherwise be obtained if the same FOV was obtained in a single cycle.
[0003] A multi-beat acquisition typically operates by acquiring only a portion, or segment, of the FOV in any given
cycle, where timing of the acquisition is driven from the ECG waveform, specifically the R-peak. The mode then stitches
the multiple segments into a single image once the acquisition is complete. This can be seen in the 2Q, 4Q, and 6Q
acquisition modes (herein referred to as the NQ acquisition mode) on an ultrasound system (e.g., the Philips® EPIQ™
system). Another multi-beat acquisition mode called "HVR" mode operates in a slightly different fashion in that it acquires
a sparse subset of scan lines throughout the entire FOV in any given cardiac cycle. The remaining set of scan lines in
the FOV are acquired in subsequent cardiac cycles in similar sparse patterns. At any given time, an image is formed
from the acquired set of scan lines for a given frame or an interpolation of the scan lines should the image content from
one beat to another not appear to line up correctly.

[0004] One problem with multi-beat acquisitions is that they rely on the assumption that the heart and probe are in the
same position during the succession of cardiac cycles. However, often the heart or probe will be in slightly different
locations during different beats due to either movement of the probe by the clinician, movement of the patient, movement
of the heart due to respiration, or beat-to-beat variability. These movements manifest as stitch artifacts in the final image
sequence for the case of NQ image modes, or in the case of the HVR mode, a lower image quality (IQ) due to the fact
that interpolation will then be used to fill out the volume as opposed to actually acquired scan lines. These occurrences
can be subtle, but can lead to variability and inaccuracies in quantification of the image. Currently, the clinician detects
when such an acquisition contains these artifacts or lower 1Q, and decides, based on the severity, whether or not to
acquire another image. As the artifacts or lower |Q are not immediately visible, due to the 3D nature of the images and
due to their subtle nature, accurate detection can be time consuming and can require a great deal of skill.

[0005] US 2005/251013 A1 discloses systems and methods for processing a medical image to automatically identify
the anatomy and view (or pose) from the medical image and automatically assess the diagnostic quality of the medical
image.

[0006] "EAE/ASE Recommendations for Image Acquisition and Display using Three-Dimensional Echocardiography"
by R. M. Lang et al., European Heart Journal - Cardiovascular Imaging, vol. 13, no. 1, pp. 1-46, 24 January 2012
(XP55128564) provides a practical guide on how to acquire, analyze, and display the various cardiac structures using
3D echocardiography, and discusses the limitations of this technique.

SUMMARY

[0007] In accordance with the present principles, an ultrasonic imaging system includes an ultrasound imaging device
configured to acquire an image in an electrocardiograph multi-beat acquisition mode. A quality scoring module is stored
in memory and is configured to compute a quality score indicating a suitability of the image, using a motion between
cardiac cycles detected by at least one motion detection source. A display is provided for viewing the image and displaying
the quality score as real-time feedback for the image. The at least one motion detection source comprises at least one
motion measurement device for determining relative motion between an imaging device and a subject being imaged,
wherein the motion measurement device is one of electromagnetic sensors, optical sensors, or accelerometers placed
in or around an imaging probe for the ultrasound imaging device.

[0008] Another ultrasonic imaging system includes an ultrasound imaging device configured to an acquire image in
an electrocardiograph multi-beat acquisition mode. A quality scoring module is stored in memory and is configured to
evaluate changes in the image between portions of a multi-beat cycle to compute a quality score indicating a suitability
of the image. The quality scoring module includes a combination method that combines individual quality scores into an
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overall quality score. A display is included for viewing the image and displaying the quality score as real-time feedback
for the image. An interface is configured to permit acceptance or rejection of the image based on the overall quality score.
[0009] An imaging method includes acquiring, with an ultrasound imaging device, an image in an electrocardiograph
multi-beat acquisition mode; quality scoring the image to compute a quality score indicating a suitability of the image,
using a motion between cardiac cycles detected by at least one motion detection source; and displaying the image and
the quality score as real-time feedback for the image, wherein the at least one motion detection source comprises at
least one motion measurement device for determining relative motion between an imaging device and a subject being
imaged, wherein the motion measurement device is one of electromagnetic sensors, optical sensors, or accelerometers
placed in or around an imaging probe for the ultrasound imaging device.

[0010] These and other objects, features and advantages of the present disclosure will become apparent from the
following detailed description of illustrative embodiments thereof, which is to be read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0011] This disclosure will present in detail the following description of preferred embodiments with reference to the
following figures wherein:

FIG. 1 is a block/flow diagram showing an ultrasonic imaging system providing a quality metric for evaluating an
image in accordance with one embodiment;

FIG. 2 is a block/flow diagram showing an ultrasonic imaging system showing a quality scoring module for evaluating
an image in greater detail in accordance with another embodiment;

FIG. 3 is a diagram showing stitching locations for computing a stitching quality metric in accordance with one
embodiment;

FIG. 4 is a diagram showing waveforms for computing an ECG variability quality metric in accordance with one
embodiment;

FIG. 5 is an image showing a quality score displayed therein for providing feedback on the image in accordance
with one embodiment; and

FIG. 6 is a block/flow diagram showing a method for imaging using a quality metric in accordance with illustrative
embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] In accordance with the present principles, an automated and immediate quality score for multi-beat acquisitions
is provided, which can be employed by a clinician to assess the quality of an acquisition and a subsequent value of the
image for quantification. The quality can be derived from a number of sources, such as, e.g., from an image-based
analysis, from analysis of the ECG waveform (which is used for the gating process for the acquisition), from probe motion
detected either through image-based motion estimations, from sensor-based (i.e., electromagnetic, optical, or acceler-
ometer sensors) estimations, etc.

[0013] Conventionally, it is up to a clinician performing a scan to assess the quality, or lack thereof, of a multi-beat
acquisition based on what the clinician can observe in the image after the acquisition. Detecting artifacts in the case of
an NQ imaging mode or lower image quality in the case of the HVR mode is often difficult. In the case of an NQ imaging
mode, the user needs to know how the image was formed (i.e., by acquiring multiple contiguous segments which are
then stitched together after all cardiac cycles have been obtained). With this information, the user then needs to know
where to look for stitching artifacts. Locations of stitching artifacts can change depending on how many cycles were
used during the acquisition. Even so, the stitching artifact may not be immediately obvious during the scanning session
and may not be noticed until offline visual inspection or quantification. At offline visual inspection or quantification, if it
is decided that the image is unsuitable (for example, for quantification purposes) it is already too late to re-acquire another
image.

[0014] In the case of an HVR acquisition, the user needs to know that at any given time the image can be made up
of actually acquired scan lines or an interpolation of scan lines should it be found that data acquired in successive cardiac
cycles does not align. If the user is unaware of this fact, they may acquire an image not knowing that a higher quality
image is forthcoming if they were to wait a little longer, hold the probe steadier or ask the patient to limit their movement
and/or respiration, thereby allowing the interpolated regions to be filled-in or acquired in subsequent cycles.

[0015] These multi-beat acquisitions typically take place within the context of 3D image acquisition, which can further
complicate issues. Acquiring 3D images, understanding how to interpret the images and knowing how to navigate around
the images requires significant training. Knowing how and when to also interpret multi-beat acquisitions and when to
accept or reject these acquisitions are added complications. An ultrasound machine has sufficient information about the
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multi-beat acquisition mode and the image formation process to be able to detect artifacts or low 1Q automatically. In
accordance with the present principles, by providing a quality metric (or metrics) to give immediate feedback to the user
as to the quality of the image, less time and expertise are needed on the part of the scanning clinician to accept or reject
the image. Guidance can also be provided to assist the user in how to correct the acquisition, and ultimately encourage
3D image adoption by novice users.

[0016] The quality metric may be computed on a multi-beat acquisition to provide immediate feedback to the clinician
performing the scanning as to the quality of the acquisition. Multi-beat acquisitions have a high potential for variability
and image artifacts, namely stitch artifacts, and these can be subtle and not always immediately visible by the clinician.
Since the variability and artifacts can cause confusion and inaccuracies both in observation of the image and in quan-
tification, a determination as to when these occur and their severity need to be made. Since multi-beat acquisitions
typically take place within the context of a 3D image acquisition, and since navigating around and comprehending 3D
images can be difficult, especially for novice 3D users, the present principles aim to make the adoption of 3D imaging
easier on clinicians by providing an immediate and easy to understand quality metric that will help them decide whether
or not to acquire a new multi-beat acquisition.

[0017] A quality metric in accordance with the present principles may be derived from one or more sources or a
combination of sources. One source may include image content around stitch locations within an image relative to the
image content not at stitch locations. A low quality might be found if the content around the stitch location had noticeably
different characteristics than in the rest of the image. Another source may include an ECG waveform, where beat-to-
beat irregularities in the electrophysiology would indicate a lower quality acquisition as the heart likely would not be in
the same position during every cycle during the acquisition. Another source may include motion sensors (such as, e.g.,
image-based motion detection, electromagnetic sensors, optical sensors, accelerometers, etc.), which can detect move-
ments of the probe that could cause variability and lower the quality of the image. Other sources may also be employed.
[0018] It should be understood that the present invention will be described in terms of medical instruments; however,
the teachings of the present invention are much broader and are applicable to any instruments capable of combining
information into a quality metric. In some embodiments, the present principles are employed in tracking or analyzing
complex biological or mechanical systems. In particular, the present principles are applicable to internal tracking proce-
dures of biological systems, procedures in all areas of the body such as the lungs, heart, gastro-intestinal tract, excretory
organs, blood vessels, etc. The elements depicted in the FIGS. may be implemented in various combinations of hardware
and software and provide functions which may be combined in a single element or multiple elements.

[0019] Thefunctionsofthe various elements shownin the FIGS. can be provided through the use of dedicated hardware
as well as hardware capable of executing software in association with appropriate software. When provided by a proc-
essor, the functions can be provided by a single dedicated processor, by a single shared processor, or by a plurality of
individual processors, some of which can be shared. Moreover, explicit use of the term "processor" or "controller" should
not be construed to refer exclusively to hardware capable of executing software, and can implicitly include, without
limitation, digital signal processor ("DSP") hardware, read-only memory ("ROM") for storing software, random access
memory ("RAM"), non-volatile storage, etc.

[0020] Moreover, all statements herein reciting principles, aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass both structural and functional equivalents thereof. Additionally,
it is intended that such equivalents include both currently known equivalents as well as equivalents developed in the
future (i.e., any elements developed that perform the same function, regardless of structure). Thus, for example, it will
be appreciated by those skilled in the art that the block diagrams presented herein represent conceptual views of
illustrative system components and/or circuitry embodying the principles of the invention. Similarly, it will be appreciated
that any flow charts, flow diagrams and the like represent various processes which may be substantially represented in
computer readable storage media and so executed by a computer or processor, whether or not such computer or
processor is explicitly shown.

[0021] Furthermore, embodiments of the presentinvention can take the form of a computer program product accessible
from a computer-usable or computer-readable storage medium providing program code for use by or in connection with
a computer or any instruction execution system. For the purposes of this description, a computer-usable or computer
readable storage medium can be any apparatus that may include, store, communicate, propagate, or transport the
program for use by or in connection with the instruction execution system, apparatus, or device. The medium can be an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system (or apparatus or device) or a propa-
gation medium. Examples of a computer-readable medium include a semiconductor or solid state memory, magnetic
tape, a removable computer diskette, a random access memory (RAM), a read-only memory (ROM), a rigid magnetic
disk and an optical disk. Current examples of optical disks include compact disk - read only memory (CD-ROM), compact
disk - read/write (CD-R/W), Blu-Ray™ and DVD.

[0022] Referring now to the drawings in which like numerals represent the same or similar elements and initially to
FIG. 1, an ultrasound imaging system 10 constructed in accordance with the present principles is shown in block diagram
form. In the ultrasonic diagnostic imaging system of FIG. 1, the ultrasound system 10 includes a probe 12 having a
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transducer or transducer array 14 for transmitting ultrasonic waves and receiving echo information. A variety of transducer
arrays are well known in the art, e.g., linear arrays, convex arrays or phased arrays. The transducer array 14, forexample,
can include a two dimensional array (as shown) of transducer elements capable of scanning in both elevation and
azimuth dimensions for 2D and/or 3D imaging. The transducer array 14 is coupled to a microbeamformer 16 in the probe
12, which controls transmission and reception of signals by the transducer elements in the array. In this example, the
microbeamformer 16 is coupled by the probe cable to a transmit/receive (T/R) switch 18, which switches between
transmission and reception and protects a main beamformer 22 from high energy transmit signals. In some embodiments,
the T/R switch 18 and other elements in the system can be included in the transducer probe rather than in a separate
ultrasound system base. The transmission of ultrasonic beams from the transducer array 14 under control of the mi-
crobeamformer 16 is directed by a transmit controller 20 coupled to the T/R switch 18 and the beamformer 22, which
may receive input from the user’s operation of a user interface or control panel 24.

[0023] One function controlled by the transmit controller 20 is the direction in which beams are steered. Beams may
be steered straight ahead from (orthogonal to) the transducer array, or at different angles for a wider field of view. The
partially beamformed signals produced by the microbeamformer 16 are coupled to a main beamformer 22 where partially
beamformed signals from individual patches of transducer elements are combined into a fully beamformed signal.
[0024] The beamformed signals are coupled to a signal processor 26. The signal processor 26 can process the received
echo signals in various ways, such as bandpass filtering, decimation, | and Q component separation, and harmonic
signal separation. The signal processor 26 may also perform additional signal enhancement such as speckle reduction,
signal compounding, and noise elimination. The processed signals are coupled to a B mode processor 28, which can
employ amplitude detection for the imaging of structures in the body. The signals produced by the B mode processor
are coupled to a scan converter 30 and a multiplanar reformatter 32. The scan converter 30 arranges the echo signals
in the spatial relationship from which they were received in a desired image format. For instance, the scan converter 30
may arrange the echo signal into a two dimensional (2D) sector-shaped format, or a pyramidal three dimensional (3D)
image. The multiplanar reformatter 32 can convert echoes which are received from points in a common plane in a
volumetric region of the body into an ultrasonic image of that plane, as described in U.S. Pat. No. 6,443,896 (Detmer).
A volume renderer 34 converts the echo signals of a 3D data set into a projected 3D image as viewed from a given
reference point, e.g., as described in U.S. Pat. No. 6,530,885 (Entrekin et al.). The 2D or 3D images are coupled from
the scan converter 30, multiplanar reformatter 32, and volume renderer 34 to an image processor 36 for further en-
hancement, buffering and temporary storage for display on an image display 38. A graphics processor 40 can generate
graphic overlays for display with the ultrasound images. These graphic overlays or parameter blocks can contain, e.g.,
standard identifying information such as patient name, date and time of the image, imaging parameters, frame indices
and the like. For these purposes, the graphics processor 40 receives input from the user interface 24, such as a typed
patient name. The user interface 24 can also be coupled to the multiplanar reformatter 32 for selection and control of a
display of multiple multiplanar reformatted (MPR) images.

[0025] In accordance with the present principles, ultrasound data is acquired and stored in memory 42 in a format that
permits real-time review of multi-beat acquisition data from, e.g., a heart. In one embodiment, a quality scoring application
46 is stored in memory 42 for analyzing image data to output a quality parameter that indicates to the operator the quality
of the current data. In one embodiment, the system 10 includes a multi-beat acquisition mode, which generates a display
for the user on a display 38.

[0026] In one embodiment, system 10 is capable of acquiring an apical transthoracic 3D image of the heart from an
intercostal window using a 4Q imaging mode with an X5 transducer (e.g., as in a Philips® EPIQ™ system). Once
computed for the acquisition, a final quality score may be displayed on the display 38 along with the image, and also
saved with the image file for offline display. The memory 42 is depicted as being placed after the scan converter 30;
however, the memory 42 may store data and interact at any position in the signal path.

[0027] Referring to FIG. 2, a system 100 for review of ultrasound images is illustratively shown in accordance with
one embodiment. System 100 may include a workstation or console 112 from which images are reviewed and modes
selected. System 100 may be incorporated into or function in conjunction with an imaging system (e.g., imaging system
10) or may be a separate unit or module. Workstation 112 preferably includes one or more processors 114 and memory
116 for storing programs, applications and data. Memory 116 may store a quality scoring module 115 configured to
collect acquired data and compute a real-time quality score for acquired images.

[0028] The quality scoring module 115 is configured to receive image data and evaluate data from one or more sources
(e.g., different imaging parameters or data content). An image 134 can be generated that includes the image (e.g., a
multi-beat 3D acquisition image) and a quality score 136, which can be displayed on a display device 118. The image
and the score may be stored together (or separately) in memory 116. Workstation 112 includes the display 118 for
reviewing internal images of a subject (e.g., a patient, a heart in the patient, etc.). Display 118 may also permit a user
to interact with the workstation 112 and its components and functions, or any other element within the system 100. This
is further facilitated by an interface 120 which may include a keyboard, mouse, a joystick, a haptic device, or any other
peripheral or control to permit user feedback from and interaction with the workstation 112.
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[0029] A real-time quality metric(s) or score(s) 136 that are displayed to the user during any multi-beat acquisition
mode indicate to the user the quality, or lack thereof, of the multi-beat acquisition. Quality scores 136 are computed
from a number of different sources (e.g., from images 134 or even external measurements, e.g., sensors). The sources
may include those listed herein as well as other sources. The score(s) 136 should be shown to the user during the
acquisition process, but may also be saved with the image 134 (e.g., in the Digital Imaging and Communications in
Medicine (DICOM) file).

[0030] Someillustrative sources will be described in accordance with illustrative embodiments. The sources described
herein are not exhaustive and additional sources may be provided instead of or in addition to those described. In addition,
the sources may be combined in various combinations by a combination method or module 150. One or more sources
may be employed in computing the quality metric(s) 136.

[0031] Onesource mayinclude a stitch detection application 140 (for NQ image modes). The stitch detection application
140 employs regions of the image at stitch locations that are compared to regions of the image not at stitch locations.
Low scores would be generated if large gradients were found at the stitch region as compared to other regions, indicating
a stitch artifact.

[0032] Another source may include an image quality (IQ) detection application 142 (e.g., for HVR image modes). As
the image is made up of either actually acquired scan line data or interpolated scan line data, the quality metric 136
computed can be proportional to the amount of the volume that is made up of actually acquired scan line data. A perfect
(high) score in this regard would indicate the entire volume is made up of actually acquired scan line data. A low score
would indicate that the image is computed from the least number of actually acquired scan lines possible to form an image.
[0033] A motion detection application 144 may also be included. Since multi-beat acquisitions rely on the assumption
that the probe and heart will be in the same position and orientation in a succession of cardiac cycles, if motion is detected
between cardiac cycles, the image should be given a lower quality score versus if no motion is detected. Motion can be
detected from a number of different sources. Image-based motion detection could be computed using methods similar
to those employed in the HVR mode, or by performing spatial registration of overlapping image segments. Motion can
also be detected from motion sensors 132. For example, the sensors 132 may include electromagnetic sensors, optical
sensors, or accelerometers placed in or around an imaging probe 130 for an imaging system 10 and could measure
motion of the probe 130 during an acquisition. The more motion that occurs during the acquisition, the lower the quality
score. The relative motion of a subject 160 or other objects may also be monitored using sensors 132.

[0034] An ECG variability application 146 may be employed. Multi-beat acquisitions usually employ ECG-gating to
temporally align image data acquired in successive cardiac cycles. If beat-to-beat variability occurs, then the quality of
the multi-beat acquisition is likely to suffer. Therefore, several ECG waveforms and/or detected temporal landmarks
may be employed to compare and temporally align the image data (such as the R-peak) within the multi-beat acquisition.
A high variability in the waveforms or temporal landmarks would result in a lower quality score.

[0035] Another source 148 may include other image artifacts or external environmental inputs employed to influence
the quality score 136. The generation of the quality score 136 may be integrated into a multi-beat acquisition mode and
displayed to the user. In one embodiment, an apical transthoracic 3D image of the heart from an intercostal window
using the 4Q imaging mode and an X5 transducer may have a quality score 136 generated. Once computed for the
acquisition, the final quality score 136 would be displayed on a screen of the display 118 along with the image, and also
saved with the image file for offline display.

[0036] Referring to FIG. 3, a diagram illustratively demonstrates the computation of a stitch score in accordance with
one exemplary embodiment. A stitch score may be computed at each stitch location 302 shown in FIG. 3, e.g., between
sectors labeled 1-4, i.e., between sectors 1 and 2, sectors 2 and 3 and sectors 3 and 4. The stitch score may be computed
by comparing a difference between scan lines near the stitch location 302 but within the same segment (such as A and
B or C and D) to the difference between scan lines on either side of the stitch location 302 (such as B and C). If there
are M elements along the axial direction, a score could be computed as provided in Egs. 1. A final stitch score for the
volume would range between 0 and 1, with 1 being the highest quality score.

- |Bm - Cmi

A
1
Sstitchi—z = ;T{ Z IE“qm — By

m=1
< 1
stitch — 5 ., j :
1+ inax{gsticthl—E»‘Ssti‘tchz—Sf‘sstitcf‘S—i

(1)

where Sy, is a stitch score; m is an element index for scan lines; M is the total number of elements; A, B and C are
the number of scans lines at the locations A, B or C; and max is the maximum value function.
[0037] Referring to FIG. 4, a diagram illustratively demonstrates the computation of an ECG variability score in ac-
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cordance with one exemplary embodiment. An ECG variability score may be computed by comparing waveforms, e.g.,
waveforms Wy, W5, W3 and W, from each cardiac cycle during the acquisition. A score S, could be computed in
accordance with Eq. (2), where there are four traces (t=4) and the first M elements from each trace are compared. Similar
to the stitch score, the ECG score would range between 0 and 1, with 1 being the highest quality score.

g = 1
ecg — &
A Oy + W 0my + Waim A (o
1+l max | W, (m) — Wil + Woim) + Walmd + Woim)
M i ¢ 4
m=1 (2)

[0038] In one embodiment, each individual quality score may be made to range between 0 and 1, with 1 being the
highest quality score. As such, these individual scores could be labeled and displayed to the user in real-time so that
the user knows how each component of the image scored, or the scores could be combined into a single score in one
of several ways, as will be described, where each final score would also range from 0 to 1, with 1 being the highest
quality score.

[0039] One combination method to compute the final score may include individual scores as independent variables
as in Eq. (3). Another combination method may include individual scores with the individual scores not necessarily being
independent as in Eq. (4), where min is the minimum value function.

Sﬁ.ﬂﬂ.i = Sst:i.tc}z a ‘Eeag G

Sfmgg = mm{gstftdv Sg-cg;} 4

[0040] Other combination methods may include taking an average, taking a weighted average, adding the quality
scores, etc. For example, weightings for each individual quality score may be prioritized based on importance or other
criteria to compute the overall quality score from a plurality of sources. The final score may include other individual
scores as well. The final score may include a single number between 0 and 1, although other values may be employed.
[0041] In one embodiment, an image quality (IQ) score for the HVR mode, and a motion score, when motion detection
(from image-based detection or motion sensors) is employed, may include the following. The 1Q score and the motion
detection score may be shown individually to the user or combined with the other scores into a final score in a similar
way as described above in the example.

[0042] An HVR image may be computed from scan lines, where the scan lines are either actually acquired or are
interpolated from neighboring scan lines. Consider: N; ;. as the total number of scan lines used to compute an image,
N,,in @s the minimum number of actually defined scan lines needed to compute an image, and N as the number of
defined scan lines in any given image. Then, an HVR image quality score (S,q) could be computed as in Eq. (5), where
the score ranges from 0 to 1, with 1 being the highest quality score.

: ‘
N def *Mmi.n

Nmme‘ - Nm in (5)

S-{'Qf —

[0043] A motion score may also be determined based on the motion of the probe or anatomical motion. Motion can
be detected in a number of ways. For example, motion can be estimated by performing an image-based registration of
overlapping segments acquired during the different cardiac cycles. Motion can also be estimated using any number of
sensors, such as electromagnetic sensors, optical sensors, accelerometers, etc. These sensors could be placed on the
patient, on the probe and/or in the probe to detect motion of the probe or the anatomy being imaged. Depending on the
motion sensing method and where the motion sensing is taking place (e.g., on or in the probe and/or on the patient),
prior knowledge about the maximum amount of tolerable motion may be employed to determine motion thresholds,
Dinresn- If Xioris the reference position of the probe or patient at some reference stage and X,,, is the position of the probe
at any given time, where M position samples are taken during the acquisition, then, a motion score (S,,.s,,) could be
computed in accordance with Eq. 6. Scores can range from 0 to 1, with 1 being the highest quality score.
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max {D thyeshe IIE?XE X ref X m.EI}

S =1-

nuetion

Dipresh (6)

[0044] Referring to FIG. 5, an example of a multi-beat acquisition without stitching artifacts 202 and with stitching
artifacts 204 is illustratively depicted. The artifacts can be subtle and not so easily detected. Therefore, a quality score
136 appears as an indicator 206 to the user to assess the quality of a multi-beat acquisition based on motion, stitch
artifacts, ECG uniformity, image quality, etc. and is designed to guide the user on whether or not to accept the image,
use the image for quantification, and/or acquire a new image. The present principles are useful for all ECG-gated multi-
beat acquisitions on ultrasound systems. These include, but are not limited to, 2Q, 4Q, 6Q, HVRQ, and HMQ imaging
modes. The present principles also apply to ultrasound images acquired on probes with motion sensors (e.g., gyroscopes,
accelerometers, etc.) attached either externally or internally. Other applications and functions are also contemplated.
[0045] Referring to FIG. 6, an imaging method for acquiring an image in a multi-beat acquisition mode is shown in
accordance with the present principles. In block 302, an image is acquired in a multi-beat acquisition mode. In one
embodiment, the image includes a multi-beat 3D acquisition image, and, in particular, an apical transthoracic 3D image
of a heart. In block 304, the image is quality scored to evaluate changes in the image between portions of a multi-beat
cycle. The quality score is computed to indicate suitability of the image.

[0046] In block 306, quality scoring may include receiving inputs from one or more sources to evaluate an overall
image suitability. The one or more sources may be employed in any combination using the sources described and/or
other sources. In block 308, the quality scoring includes computing a stitching score between image stitch locations. In
block 310, quality scoring includes computing an electrocardiograph (ECG) variability score between waveforms during
a cardiac cycle. In block 312, quality scoring includes computing an image quality score based on scan lines in an image.
In block 314, quality scoring includes computing a motion score based upon motion measurements during imaging. In
block 315, other quality scores may be computed.

[0047] In block 316, individual quality scores may be combined into an overall quality score. In block 322, the image
and the quality score are displayed as real-time feedback for the image. In block 324, a user is able to accept or reject
the image based on the quality score. In block 326, the image is stored with or without the quality score.

[0048] In interpreting the appended claims, it should be understood that:

a) the word "comprising" does not exclude the presence of other elements or acts than those listed in a given claim;
b) the word "a" or "an" preceding an element does not exclude the presence of a plurality of such elements;

c) any reference signs in the claims do not limit their scope;

d) several "means" may be represented by the same item or hardware or software implemented structure or function;
and

e) no specific sequence of acts is intended to be required unless specifically indicated.

[0049] Having described preferred embodiments (which are intended to be illustrative and not limiting), it is noted that
modifications and variations can be made by persons skilled in the art in light of the above teachings. It is therefore to
be understood that changes may be made in the particular embodiments of the disclosure disclosed which are within
the scope of the embodiments disclosed herein as outlined by the appended claims. Having thus described the details
and particularity required by the patent laws, what is claimed and desired protected by Letters Patent is set forth in the
appended claims.

Claims
1. An ultrasonic imaging system, comprising:

an ultrasound imaging device (10) configured to acquire an image in an electrocardiograph multi-beat acquisition
mode, in which the image is formed from image data acquired in successive cardiac cycles and temporally
aligned employing electrocardiography gating;

a quality scoring module (115) stored in memory and configured to compute a quality score (136) indicating a
suitability of the image, using a motion between cardiac cycles detected by at least one motion detection source;
and

a display (118) for viewing the image and displaying the quality score as real-time feedback for the image,
wherein the at least one motion detection source comprises at least one motion measurement device (132) for
determining relative motion between an imaging device and a subject being imaged, wherein the motion meas-



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

EP 3 192 053 B1

urement device (132) is one of electromagnetic sensors, optical sensors, or accelerometers placed in or around
an imaging probe (130) for the ultrasound imaging device (10).

The system as recited in claim 1, wherein the quality scoring module (115) includes inputs from a plurality of sources
to evaluate an overall image suitability.

The system as recited in claim 1, wherein the quality scoring module includes an application (140) for computing a
stitching score between image stitch locations.

The system as recited in claim 1, wherein the quality scoring module includes an application (142) for computing
an electrocardiograph variability score between waveforms during a cardiac cycle.

The system as recited in claim 1, wherein the quality scoring module includes an application (144) for computing
an image quality score based on scan lines in an image.

The system as recited in claim 1, wherein the quality scoring module includes an application (146) for computing a
motion score based upon motion measurements during imaging.

The system as recited in claim 1, wherein the quality scoring module includes a combination method (150) that
combines individual quality scores into an overall quality score.

The system as recited in claim 7, further comprising:
an interface (120) configured to permit acceptance or rejection of the image based on the overall quality score.

The system as recited in claim 8, wherein the overall quality score includes a minimum individual quality score and
the combination method (150) determines the minimum individual quality score from a plurality of sources.

The system as recited in claim 8,

wherein the overall quality score includes a mathematical combination of all individual quality scores and the com-
bination method (150) employs a mathematical operation to compute the overall quality score from a plurality of
sources; or

wherein the overall quality score includes a weighted combination of all individual quality scores and the combination
method (150) employs a weighting for each individual quality score to compute the overall quality score from a
plurality of sources.

An imaging method, comprising:

acquiring (302), with an ultrasound imaging device (10), an image in an electrocardiograph multi-beat acquisition
mode, in which the image is formed from image data acquired in successive cardiac cycles and temporally
aligned employing electrocardiography gating;

quality scoring (304) the image to compute a quality score indicating a suitability of the image, using a motion
between cardiac cycles detected by at least one motion detection source; and

displaying (322) the image and the quality score as real-time feedback for the image,

wherein the at least one motion detection source comprises at least one motion measurement device for de-
termining relative motion between an imaging device and a subject being imaged, wherein the motion meas-
urement device is one of electromagnetic sensors, optical sensors, or accelerometers placed in or around an
imaging probe (130) for the ultrasound imaging device (10).

The method as recited in claim 11, wherein quality scoring includes receiving (306) inputs from a plurality of sources
to evaluate an overall image suitability.

The method as recited in claim 11, wherein quality scoring includes one or more of:

- computing (308) a stitching score between image stitch locations;

- computing (310) an electrocardiograph variability score between waveforms during a cardiac cycle;
- computing (312) an image quality score based on scan lines in an image; and

- computing (314) a motion score based upon motion measurements during imaging.
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The method as recited in claim 11, further comprising combining (316) individual quality scores into an overall quality
score.

Patentanspriiche

1.

10.

1.

Ultraschall-Bilderzeugungssystem, umfassend:

eine Ultraschall-Bilderzeugungsvorrichtung (10), die dafur ausgelegt ist, ein Bild in einem Elektrokardiograph-
Mehrtakterfassungsmodus aufzunehmen, in dem das Bild aus Bilddaten gebildet wird, die in aufeinanderfol-
genden Herzzyklen aufgenommen und unter Verwendung von Elektrokardiographie-Gating zeitlich angeglichen
werden;

ein Qualitatseinstufungsmodul (115), das in einem Speicher gespeichert ist und dafiir ausgelegt ist, unter Ver-
wendung einer Bewegung zwischen Herzzyklen, die von mindestens einer Bewegungserfassungsquelle erfasst
wird, eine Qualitéatseinstufung (136) zu berechnen, die eine Eignung des Bildes angibt; und

eine Anzeige (118) zum Betrachten des Bildes und zum Anzeigen der Qualitatseinstufung als Echtzeitriickmel-
dung fir das Bild,

wobei die mindestens eine Bewegungserfassungsquelle mindestens eine Bewegungserfassungsvorrichtung
(132) zum Bestimmen einer relativen Bewegung zwischen einer Bilderzeugungsvorrichtung und einem abge-
bildeten Subjekt umfasst, wobei es sich bei der Bilderzeugungsvorrichtung (132) um elektromagnetische Sen-
soren, optische Sensoren oder Akzelerometer handelt, die in oder um eine Bilderzeugungssonde (130) fiir die
Ultraschall-Bilderzeugungsvorrichtung (10) gruppiert sind.

System nach Anspruch 1, wobei das Qualitéatseinstufungsmodul (115) Eingaben von einer Mehrzahl von Quellen
aufweist, um eine Gesamteignung eines Bildes zu evaluieren.

System nach Anspruch 1, wobei das Qualitatseinstufungsmodul eine Anwendung (140) zum Berechnen einer Stit-
ching-Einstufung zwischen Bild-Stitching-Stellen aufweist.

System nach Anspruch 1, wobei das Qualitatseinstufungsmodul eine Anwendung (142) zum Berechnen einer Elek-
trokardiograph-Variabilitdtseinstufung zwischen Wellenformen wahrend eines Herzzyklus aufweist.

System nach Anspruch 1, wobei das Qualitatseinstufungsmodul eine Anwendung (144) zum Berechnen einer Bild-
qualitdtsbewertung auf Basis von Abtastlinien in einem Bild aufweist.

System nach Anspruch 1, wobei das Qualitatseinstufungsmodul eine Anwendung (146) zum Berechnen einer Be-
wegungsbewertung auf Basis von Bewegungsmessungen wahrend einer Bilderzeugung aufweist.

System nach Anspruch 1, wobei das Qualitatseinstufungsmodul ein Kombinationsverfahren (150) aufweist, das
individuelle Qualitatseinstufungen zu einer Gesamtqualitatseinstufung kombiniert.

System nach Anspruch 7, ferner umfassend:
eine Schnittstelle (120), die dafiir ausgelegt ist, eine Annahme oder Zurlickweisung des Bildes auf Basis der Ge-
samtqualitatseinstufung zu ermdglichen.

System nach Anspruch 8, wobei die Gesamtqualitatseinstufung eine minimale individuelle Qualitatseinstufung ein-
schlie3t und das Kombinationsverfahren (150) die minimale individuelle Qualitatseinstufung aus einer Mehrzahl von
Quellen bestimmt.

System nach Anspruch 8,

wobei die Gesamtqualitatseinstufung eine mathematische Kombination aller individuellen Qualitatseinstufungen
einschlief3t und das Kombinationsverfahren (150) eine mathematische Operation anwendet, um die Gesamtquali-
tatseinstufung aus einer Mehrzahl von Quellen zu berechnen; oder

wobei die Gesamtqualitatseinstufung eine gewichtete Kombination aller individuellen Qualitatseinstufungen ein-
schlie3t und das Kombinationsverfahren (150) eine Gewichtung fiir jede individuelle Qualitatseinstufung anwendet,
um die Gesamtqualitatseinstufung aus einer Mehrzahl von Quellen zu berechnen.

Bilderzeugungsverfahren, umfassend:

10
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Aufnehmen (302) eines Bildes in einem Elektrokardiograph-Mehrtakterfassungsmodus mit einer Ultraschall-
Bilderzeugungsvorrichtung (10), wobei das Bild aus Bilddaten gebildet wird, die in aufeinanderfolgenden Herz-
zyklen aufgenommen worden sind und unter Verwendung von Elektrokardiographie-Gating zeitlich angeglichen
werden;

qualitatives Einstufen (304) des Bildes, um unter Verwendung einer Bewegung zwischen Herzzyklen, die von
mindestens einer Bewegungserfassungsquelle erfasst wird, eine Qualitatseinstufung zu berechnen, die eine
Eignung des Bildes angibt; und

Anzeigen (322) des Bildes und der Qualitatseinstufung als Echtzeitrlickmeldung fir das Bild,

wobei die mindestens eine Bewegungserfassungsquelle mindestens eine Bewegungserfassungsvorrichtung
zum Bestimmen einer relativen Bewegung zwischen einer Bilderzeugungsvorrichtung und einem abgebildeten
Subjekt umfasst, wobei es sich bei der Bewegungserfassungsvorrichtung um elektromagnetische Sensoren,
optische Sensoren oder Akzelerometer handelt, die in oder um eine Bilderzeugungssonde (130) fiir die Ultra-
schall-Bilderzeugungsvorrichtung (10) platziert sind.

12. Verfahrennach Anspruch 11, wobeidas qualitative Einstufen das Empfangen (306) von Eingaben von einer Mehrzahl
von Quellen, um eine Gesamteignung eines Bildes zu evaluieren, einschlief3t.

13. Verfahren nach Anspruch 11, wobei das qualitative Einstufen eines oder mehrere einschlief3t von:

- Berechnen (308) einer Stitching-Einstufung zwischen Bild-Stitching-Stellen;

- Berechnen (310) einer Elektrokardiograph-Variabilitdtseinstufung zwischen Wellenformen wahrend eines
Herzzyklus;

- Berechnen (312) einer Bildqualittseinstufung auf Basis von Abtastlinien in einem Bild; und

- Berechnen (314) einer Bewegungseinstufung auf Basis von Bewegungsmessungen wahrend einer Bilderzeu-

gung.

14. Verfahren nach Anspruch 11, ferner das Kombinieren (316) individueller Qualitatseinstufungen zu einer Gesamt-
qualitatseinstufung umfassend.

Revendications
1. Systéeme d’imagerie par ultrasons, comprenant :

un dispositif d’imagerie par ultrasons (10) congu pour acquérir une image dans un mode d’acquisition électro-
cardiographe de battements multiples, dans lequel 'image est formée a partir de données d'image acquises
dans des cycles cardiaques successifs et alignés temporellement a laide d'un portillonnage
électrocardiographique ;

un module de notation de qualité (115) mémorisé en mémoire et congu pour calculer une note de qualité (136)
indiquant une adéquation de I'image, a l'aide d’'un mouvement entre les cycles cardiaques détectés par au
moins une source de détection de mouvement ; et

un affichage (118) pour visualiser 'image et pour afficher la note de qualité en tant que rétroaction en temps
réel pour 'image,

dans lequel I'au moins une source de détection de mouvement comprend au moins un dispositif de mesure de
mouvement (132) pour déterminer un mouvement relatif entre un dispositif d'imagerie et un sujet étant imagée,
dans lequel le dispositif de mesure de mouvement (132) est 'un des capteurs électromagnétiques, des capteurs
optiques ou des accélérométres placés dans ou autour d’'une sonde d’'imagerie (130) pour le dispositif d'imagerie
par ultrasons (10).

2. Systémeselonlarevendication 1, dans lequel le module de notation de qualité (115) comprend des entrées provenant

d’une pluralité de sources pour évaluer une adéquation d'image globale.

3. Systéme selon la revendication 1, dans lequel le module de notation de qualité comprend une application (140)

pour calculer une note d’assemblage entre des emplacements d’assemblage d'image.

4. Systéme selon la revendication 1, dans lequel le module de notation de qualité comprend une application (142)

pour calculer une note de variabilité électrocardiographique entre des formes d’onde lors d’un cycle cardiaque.
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Systeme selon la revendication 1, dans lequel le module de notation de qualité comprend une application (144)
pour calculer une note de qualité d'image en fonction des lignes de balayage dans une image.

Systeme selon la revendication 1, dans lequel le module de notation de qualité comprend une application (146)
pour calculer une note de mouvement en fonction des mesures de mouvement lors de I'imagerie.

Systeme selon larevendication 1, dans lequel le module de notation de qualité comprend un procédé de combinaison
(150), lequel combine des notes de qualité individuelles en une note de qualité globale.

Systeme selon la revendication 7, comprenant en outre:
une interface (120) congue pour permettre I'acceptation ou le rejet de 'image en fonction de la note de qualité globale.

Systeme selon la revendication 8, dans lequel la note de qualité globale comprend une note de qualité individuelle
minimale et le procédé de combinaison (150) détermine la note de qualité individuelle minimale a partir d’'une pluralité
de sources.

Systeme selon la revendication 8,

dans lequel la note de qualité globale comprend une combinaison mathématique de toutes les notes de qualité
individuelles et le procédé de combinaison (150) emploie une opération mathématique pour calculer la note de
qualité globale a partir d’'une pluralité de sources; ou

dans lequel la note de qualité globale comprend une combinaison pondérée de toutes les notes de qualité indivi-
duelles et le procédé de combinaison (150) emploie une pondération pour chaque note de qualité individuelle pour
calculer la note de qualité globale a partir d’'une pluralité de sources.

Procédé d’imagerie, comprenant :

I'acquisition (302), a 'aide d’un dispositif d'imagerie par ultrasons (10), d’'une image dans un mode d’acquisition
électrocardiographique de battements multiples, dans lequel 'image est formée a partir de données d’image
acquises au cours de cycles cardiaques successifs et alignés temporellement a l'aide d’'un portillonnage
électrocardiographique ;

I’évaluation de la qualité (304) de I'image pour calculer une note de qualité indiquant une adéquation de I'image,
a l'aide d’'un mouvement entre les cycles cardiaques détectés par au moins une source de détection de
mouvement ; et

I'affichage (322) de I'image et de la note de qualité en tant que rétroaction en temps réel pour 'image, dans
lequel I'au moins une source de détection de mouvement comprend au moins un dispositif de mesure de
mouvement pour déterminer un mouvement relatif entre un dispositif d'imagerie et un sujet a imager, dans
lequel le dispositif de mesure de mouvement est I'un des capteurs électromagnétiques, des capteurs optiques
ou des accélérométres placés dans ou autour d’'une sonde d’imagerie (130) pour le dispositif d'imagerie par
ultrasons (10).

Procédé selon la revendication 11, dans lequel I'évaluation de la qualité comprend la réception (306) des entrées
provenant d’'une pluralité de sources pour évaluer une adéquation d'image globale.

Procédé selon la revendication 11, dans lequel I'évaluation de la qualité comprend:

- le calcul (308) d’'une note d’assemblage entre des emplacements d’assemblage d’image ; et/ou

- le calcul (310) d’'une note de variabilité électrocardiographique entre des formes d’onde lors d'un cycle
cardiaque ; et/ou

- le calcul (312) d’'une note de qualité d'image en fonction des lignes de balayage dans une image ; et/ou

- le calcul (314) d’'une note de mouvement en fonction des mesures de mouvement lors de I'imagerie.

Procédé selon la revendication 11, comprenant en outre la combinaison (316) de notes de qualité individuelles en
une note de qualité globale.

12
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